The source, evolution and geotectonic setting of structurally-controlled and spatially-related elliptical chains of Pan-African (Late Neoproterozoic) plutons were studied using field relationship, petrography and geochemistry. Results indicate that the association consists of igneous enderbites of quartzdioritic to granodioritic compositions and charnockites of monzonitic to granitic compositions trending in a regional N-S to NE-SW pattern within a granulite terrain in southern Obudu plateau. The enderbites form mainly prominent hills, while the charnockites occur more as relict boulders in the plains and river channels. Deformation has somewhat modified the primary textures of some of the charnockites.
Introduction
The study area is essentially located to the east of Obudu town, in southeastern Nigeria (Fig. 1 ). It occurs within eastern part of the Pan-African (ca. 600Ma) remobilized terrain between the West African and Gabon-Congo cratons. This sector is commonly regarded as the terminal end of the western prolongation of the Cameroon Massif (Orajaka, 1964; Umeji, 1988; Ekwueme, 1990a Ekwueme, , 1994a Ekwueme, , 1998 Edet et al.1994; Ejimofor et al., 1996; Toteu et al., 2004) .
Granulites are very important constituent of high grade metamorphic terrains and are therefore crucial in understanding the evolution of the lower crust, which forms under high P-T conditions. The study of the petrogenesis of charnockites in such terrains can help to reveal the processes of the formation of the granulites. For instance, Ferre and Caby (2006) reported that the development of granulite facies Pan-African rocks in northern Nigeria, was possible due to the heat supplied from the abundant anhydrous charnockites and monzodiorites in the area. It is common for enderbites and charnockites to co-exist; and they differ only in modal abundance of the dominant feldspar species (Holland, 1900; Le Maitre, 2002; Rajesh and Santosh, 2004) . The mineral composition and geochemical characteristics of both rock types usually suggest that they come from sources with low water content. Such sources are common in collision zones where crustal thickening takes place (Zhao et al. 1997; Percival and Mortensen, 2002) . However, the petrogenesis of charnockitic rocks is fraught with debates, because they are believed to be either granitic rocks metamorphosed to the granulite facies (Newton et al. 1980) or igneous rocks whose pyroxene crystallized directly from magma (Wendlandt, 1981) .
Elliptical chains of enderbites and charnockites occur in Obudu Plateau. The enderbites form a chain of extensive topographic highs, while the charnockites occur on the plains and foot of hills and show weak foliation in some outcrops. Due to problems of rugged topography and poor accessibility of the Obudu plateau, the petrogenesis and tectonic setting of the charnockitic rocks have received little attention compared to the abundant information on the other basement terrains of Nigeria (McCurry, 1971; Rahaman, 1976; Ajibade and Fitches, 1988; Oluyide, 1988; Ekwueme, 1994b) . This study is, therefore, an attempt to use the mode of field occurrence, petrography and geochemistry of the rocks to determine the source, evolution and geotectonic setting of the enderbites and charnockites from southern Obudu Plateau. 
Geological setting
The basement rocks of the Obudu plateau have undergone amphibolite to granulite facies metamorphism and consist dominantly of migmatites, gneisses, schists, amphibolites, cataclasites and quartzites. Polyphase deformation has caused folding, refolding, faulting, foliation and shearing of the metamorphic rocks with mainly N-S to NE-SW trends in conformity with trends in other parts of the reactivated Basement Complex of Nigeria. The tectonic imprints are reflected as remnant Pre-Pan-African (E-W to NW-SE) to dominant Pan-African (N-S to NE-SW) structural features. Structurally-controlled Pan-African enderbites and charnockites show wide distribution as topographic highs and scattered discrete boulders in a general N-S trend in Bebi, Kundeve, Busi, River Metu and Bagga (Fig. 2) . They intrude the migmatitic gneisses, schists and amphibolites, and xenoliths of schists and amphibolites are common. The two rock types also often show admixture with two-mica granites. They have been classified as both igneous (Orajaka, 1971) and metamorphic (Ekwueme, 1990a) in origin. Post emplacement tectono-metamorphic processes of the Pan-African event have changed the original features of the rocks, especially the weakly foliated charnockites. Subordinate igneous rocks in the area include tonalites, pegmatites, aplites, dolerites, gabbros and two-mica granites. 
Field relationships and petrology
Field relations show that extensive elliptical chains of enderbite hills and charnockite boulders of varying sizes, at different levels of spheroidal weathering, form in sillimanite-hypersthene-garnet-biotite gneisses, garnetbiotite schists, biotite-sillimanite-garnet schists (Fig. 2) and contain numerous xenoliths of amphibolites in Obudu plateau. The spatial distribution of this association shows zoning with the enderbites occupying the central parts of the belt whereas the charnockites form largely weathered discrete boulders at the rims of the enderbite plutons. Post emplacement tectono-metamorphic processes, migmatization and granite emplacement extensively affected the original features of the rocks. Both the enderbites and charnockites are greenish in colour in fresh exposures but brownish to yellowish colour where weathered. The distinctive colour of charnockitic rocks can be primary or secondary due to alteration of the feldspar components. Some of the charnockites in exposures are massive structures but on careful study, especially under the microscope, they show weak foliation.
In hand specimen, the enderbites and charnockites contain essentially medium to very coarse phenocrysts of quartz, K-feldspars, plagioclase and Fe-rich pyroxene scattered in a dark fine-grained groundmass. The occurrence of medium grained varieties is restricted to Bebi, while the coarse to very coarse-grained varieties also occur in Bebi as well as Bagga, Busi, River Metu, and Kundeve (Fig. 2) . Thin section studies show that the enderbites consist of quartz (23%), plagioclase of andesine (Ab ) to 54 labradorite (Ab ) composition (25%), hypersthene (28%), K-feldspar (7%), biotite (3%), garnet (1%), myrmeckite (4%), perthite (2%) and iron ore (4%), while the charnockites consist of quartz (28%), plagioclase of andesine (Ab ) to labradorite (Ab ) composition (20%), 54 32-30 hypersthene (12%), K-feldspar (22%), biotite (8%), garnet (1%), myrmeckite (3%), perthite (3%) and iron ore (2%) (Table1). Fig. 3 shows a thin section of a charnockite with orthopyroxene, feldspar, quartz and biotite crystals. The enderbites contain lower K-fedspar and higher plagioclase and mafic minerals than the charnockites. 
Major element geochemistry
The major element compositions and CIPW normative minerals (weight percentage) of the analyzed rock samples and their averages are presented in Table 2 . The samples are arranged in order of their increasing SiO values to 2 illustrate their sialic trend. of elements in granites (Taylor, 1964 the enderbites with lower ratios of 0.3 to 1.71 and 11.02 to 27.9, respectively. Considering the alumina saturation index, the charnockites (UBC1-UBC6) are corundum normative, while the enderbites (UBE1-UBE6) have no corundum in their norms, but both rock types are peraluminous. This is 5 Confirmed by the A/CNK vs A/NK plot (Fig. 4) . Thus, the A/CNK ratio is greater than unity in both rock types. The rocks are Q-normative and K-rich. The enderbites and charnockites classify as quartz monzonites to granites on the CaO-Na O-K O ternary diagram (Fig. 5 ) and as granites on 22 the QAP ternary diagram (Fig. 6) . (Table 3) indicates that the enderbites and charnockites differ in major element geochemistry from the Obudu type enderbites, Nigeria (Orajaka, 1971) , Kabbal and Yelachipalaiyarn charnockites, India (Janardhan et al. 1982) and charnockitic and granitic rocks of Akure and Ado-Ekiti, Nigeria (Olarewaju, 1988 ). However, the major element composition of southern Obudu Plateau compare very well with the major element composition of Swarnavati charnockites of India (Janardhan et al. 1982) . Of significance is the high total alkali, K O, K O/Na O and low Al O   22  2  2  3 and MgO contents of the enderbites and charnockites of 
Trace element geohemistry
The silica and trace element values of the enderbites and charnockites are presented in Table 4 . They have high contents of Ba, Sr, Zr. Co, Zn, Sn, Ge, Y, Nb, Ga, Hf and W and low concentrations of V, As, In, Sb, Cs and Bi. They have low contents of radioactive elements, such as U and Th, low Rb content and high K/Rb ratios. The high contents of Ba and Sr in the enderbites and charnockites are similar to the high Ba-Sr granitoids on the Rb-Sr-Ba ternary variation diagram (Fig. 7) . The enderbites and charnockites show similarity to high Ba-Sr granitoids with high K O/Na O ratios and other geochemical features.
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The Sr contents range from 200-377 ppm in the charnockites and 349-471 ppm in the enderbites. The average Sr contents of 265 ppm for the charnockites and 389 ppm for the enderbites are higher than the values for the potassic porphyritic granites from southwest Nigeria (Rahaman et al. 1983 ) and average for granites (Taylor, 1965) . The Rb contents in the charnockites range from 78 ppm to 130 ppm and 71 ppm to 83 ppm in the enderbites. The average Rb contents of 74 ppm for the charnockites and 112 ppm for the enderbites are very low compared to the values for Igbeti granites, average values for granites Fig. 6 . QAP ternary diaram of the enderbites (.) and charnockites (o) from Obudu plateau (adopted from Strekeisen, 1976) Schmitt, 1967). The average REE contents of the enderbites (373.12 ppm) and charnockites(429.32 ppm) are higher than the total abundances for the intermediate to acid rocks. The average REE concentration of the enderbites is about 1.3 times and of the charnockites about 1.5 times of the total REE contents of about 290 ppm in granitic rocks in the upper earth's crust (Wedepohl, 1978) and about 2.5 and 3 times the average value of REE, respectively, in the Upper Crust (Taylor and McLennan, 1985) . Two of the six enderbites (UkE1 and UkE3) have abnormally high REE contents of 545.22 ppm and 574.96 ppm, respectively, which suggest plagioclase cumulate during crystallization. Similarly, four of the six charnockites (UkC3, UkC4, UkC5 and UkC6) are highly enriched in total REE (426-648 ppm). The enderbites show high REE abundance and fractionation pattern; they also have higher HREE, lower LREE and less negative Eu anomaly than the charnockites. Fig. 7 . Ba-Sr-Rb ternary diagram of the enderbites (o) and charnockites (+) from Obudu plateau (after Rajesh and Santosh, 2004) and Obudu plateau granites but are similar to the value for Jato Aka granites (Umeji, 1991 (Rahaman et al. 1983) , but lower than the values for the monzogranite of Obudu plateau (Umeji, 1991) . The very high concentration of Ba in the study area is similar to values obtained elsewhere in the basement complex of Nigeria. The enderbites and charnockites have moderately to highly fractionated REE patterns and exhibit two types of chondrite-normalised patterns (Fig. 8) . Type 1, displayed by two enderbites and four charnockites, shows strong LREE enrichment, high REE fractionation pattern and strong negative Eu anomaly, indicating similar characteristics with Andean type active continental margin setting. Type two pattern is displayed by four enderbites (UkE3, UkE4, UkE5 and UkE6) and two charnockites (UkC1 and UkC 2). This has strong LREE enrichment, a straight pattern and no Eu anomaly. This displays attributes of ocean island arc rocks (Yibas, 1999) .
Rare earth element geochemistry

Discussion
Anhydrous mineral paragenesis (orthopyroxene + plagioclase + garnet + quartz) of the enderbite-charnockite association is characteristic of granulite facies (Miyashiro, 1994) . The enderbites and charnockites of Obudu Plateau plot in igneous to sedimentary fields on the SiO vs TiO 2 2 variation diagram (Fig. 9) . However, the igneous origin of both rock types is apparent from field relations, such as, occurrence of xenoliths of the host rocks (amphibolites and metapelites) in the enderbites and charnockites, admixture with granites and outcrop pattern; petrology such as granitic textures and mineralogy, and distinct geochemical characteristics. The uncertainty about the parentage of the enderbites and charnockites was resolved by applying the discrimination factor (DF) of Shaw (1972 (Narayana et al. 1999) . The peraluminous, alkali-rich and high field-strength elements (HFSE) nature of the rocks support geochemical characteristics of S-type granitoids (Mohamed and Hassanen, 1997) , although the peraluminous and S-type character is more pronounced in the charnockites than in the enderbites. The rocks document S-type peraluminous granitic magmatism with changing water fugacity at an active continental margin of the Andean-type between the West African and Benin-Nigerian plates during the Pan-African orogeny. That the enderbites and charnockites plot within S-type fields indicates that a significant crustal source rather than juvenile material dominated in the generation of the charnockitic p r o t o l i t h s. N o r m a t ive corundum in some of the rock suites supports metasedimentary sources and peraluminous granitoids commonly form in regionally metamorphosed and highly folded belts, which contain pelitic and quartzofeldspathic sediments (Mohamed and Hassanen, 1997) . However, the largely S-type characteristics of the rocks and the ubiquity of amphibolitic xenoliths in the rocks suggest probable contamination of the crustal source material during crystallization of the enderbites and charnockites. The rocks plot mostly in calc-alkaline field on the AFM variation diagram (Fig. 12) , although the compositions of some of the enderbites are rich in iron that they plot within the tholeiitic field. Both rock types have chemical compositions typical of granitoids from dry magma source. The well-developed fractionation pattern and the pronounced negative Eu anomaly are characteristic of the crust and calc alkaline rocks (O'nions and Pankhurst, 1974) . The dominance of orthopyroxene, plagioclase, quartz and K-feldspar as the main solid phases in the rocks suggests that the source was undersaturated with water. The lithological and geochemical differences, such as, variability in LILE, Sc, V, W and U contents in the rocks, as well as, higher ratios of La/Yb and Ce/Yb in the charnockites than in the enderbites indicate slight varying conditions during crustal emplacements.
Similarity the contents of several trace elements of the enderbite-charnockite association indicates petrogenetic link. This is supported by the increase in REE abundances, which correlates with increase in SiO in the enderbites and 2 charnockites. The trend of the REE contents and the SrEu variation diagram (Fig. 13 ) also support common petrogenetic link. The general positive correlation of Nd/Pr, Tm/Er, Ce/La, Pr/Ce, Yb/Tb and Lu/Tb indicate progressive fractionation pattern of the parent source. The enrichment in the more incompatible LREE and depletion in the less incompatible HREE in both enderbites and charnockites suggests that they are products of fractionation of precursor magma (Krauskopf and Bird, 1995) . Fractionation at high pressure probably contributed to low value or absence of Eu depletion in some of the rocks (McCurry and Wright, 1977) . Progressive differentiation of the charnockitic magma and local variation in its pH O probably caused the formation of the 2 charnockites. compared to the charnockites indicate higher temperature of formation in the former than in the latter (Green and Pearson, 1986) . The occurrence of perthite and exsolution textures suggests initial crystallization at elevated temperature. The very high content of Ba shows that Kfeldspar exhibited stronger effect than biotite during the formation of the suites. The progressive decrease in Sr contents and increase in Rb contents and Rb/Sr ratio due to plagioclase crystallization with increase in acid character of UkE , UkE , and UkC1-UkC probably underscore the role 14 6
played by plagioclase (Philpotts and Schnetzler, 1970; Hanson, 1978) . On the other hand, the high Sr contents in UkE , UkE , UkE and UkE suggests the role of plagioclase 235 6 and low water activity during melting in the crystallization of the enderbites.. The REE normalised patterns of the enderbites and charnockites indicate wide range of fractionation. The negative Eu anomaly suggests classical removal of Ca-rich plagioclase during fractionation, while the absence of Eu anomaly in some of the rocks may probably be as a result of selective accumulation of orthopyroxene and plagioclase. Similarly, the positive correlation of La/Ce, La/Pr, Ce/Pr and Ce/Nd in the rocks suggests the more important roles plagioclase played than biotite in the fractionation process. Plagioclase fractionation is well-developed in two of the enderbites and four of the charnockites.
Field relations, petrography and geochemistry suggest that the enderbites and charnockites are among the latest sub-alkalic to calc-alkaline rocks of the Pan-African orogeny, which acquired weak tectonic foliation probably representing post-metamorphic deformation (Ekwueme, 1994b) . The enderbites and charnockites appear to be products of post-metamorphism and late deformation of the Pan-African orogeny. The fractionation pattern in Obudu plateau is similar to patterns of late Pan-African Older Granites and charnockites in the Trans-Saharan belt of Eastern Nigeria (Rahaman, 1981) .
Formation of charnockites is associated with collisional settings with substantial crustal thickening (Zhao et al. 1997; Percival and Mortsensen, 2002) . Such collision zones show calc-alkaline to alkaline magmatism related in space and time (Rajesh and Santosh, 2004) . Calc-alkaline magmas are derived from the mantle above an earlier subduction, while alkaline magmas are derived from the lithosphere beneath passive margins (Pearce et al. 1990 ). Rajesh and Santosh (2004) observed that tonalitic melt and hornblende-orthopyroxene-bearing charnockites form in collisional tectonic settings where island arc material accrete.
The rocks show geochemical characteristics of convergent plate boundary, comparable to the Andean type setting. They resemble geochemically high-K andesites in Fig. 14. R1 {=4Si-11(Na+K)-2(Fe+Ti) vs R2 (=6Ca+2Mg+Al) binary variation diagram of the Obudu plateau enderbites (.) and charnockites (+) (after Batchelor and Bowden, 1985) the present day continental margin formed of lower crust material near ancient convergent plate boundary. The huge charnockitic outcrops and gabbroic stock, mylonites, and cataclasites trending generally north-south in Obudu Plaeau indicate subduction and collision between the West African Craton and Tuareg-Nigerian shield (Black et al. 1979; Caby et al. 1981; Champenois et al. 1987; Liegeois et al. 1987; Ukaegbu and Oti, 2005) that produced the calc alkaline enderbite-charnockite association.
The discriminant diagram of the rocks suggests a dominantly syn-collisional setting with subordinate late orogenic setting for the charnockites and late orogenic to post-collision settings for the enderbites. For instance, the enderbites and charnockites show wide range of settings on the multicationic R1 vs R2 discrimination variation diagrams (Fig. 14) ; from syn-collision setting to postcollision setting. This collision-type tectonic setting involved mixing of anatectic crustal material with juvenile material. Antignano and Tollo (2001) observed that orthopyroxenebearing granitic mineral assemblages are common constituents of cratonic basement complexes worldwide. The major, trace and REE contents of the enderbites and charnockites suggest that the granitic protoliths intruded along an active continental margin. The higher peraluminous values in the charnockites than in the enderbites probably indicates that the latter is formed at deeper levels than the former; an attribute suggested by the plutonic nature of the enderbites and the largely weathered form of the charnockites in the field. The two rock types were probably emplaced in slightly different conditions during crystallization in the lower crust.
Low contents of radioactive elements (U and Th) and Rb, high modal plagioclase, low volume of granites suggest a medium pressure granulite terrain (Pride and Muecke, 1980) . In the Obudu Plateau these conditions exist, and in addition, the high modal value of orthopyroxene and occurrence of garnet in the enderbite-charnockite association, and kyanite in the metamorphic rocks of the area (Ukaegbu and Oti, 2004) , appear to support high pressure condition of formation. Thus the Obudu Plateau exhibits the character of a high temperature-high pressure (HTHP) terrain of the granulite facies metamorphism. It is therefore probable that accretion formed at high temperature and pressure during collision between the West African craton and the Nigeria-Benin shield in the Pan-African times. Probably the enderbites and charnockites formed in response to geodynamic changes in the lower crust in the Pan-African times.
Conclusions
The Pan-African event involved tremendous crustal rejuvenation and emplacement of charnockitic rocks in a high grade metamorphic terrain of the granulite facies type in southern Obudu plateau. Pan-African (Late Neoproterozoic) enderbites of granodioritic composition and charnockites of granitic composition intruded the granulite terrain in a regional N-S to NE-SW trend. The igneous origin of both rock types is apparent from field relations, petrology and geochemical characteristics. The two rock types show similarity with high Ba-Sr collisional granitoids, characterized by high K O/Na O ratios and the 22 rocks document S-type charnockitic magmatism of active continental margin between the West African and BeninNigerian plates during the Pan-African orogeny. The study has shown that the Nigerian basement complex experienced tectonic evolution involving deformation, metamorphism, partial melting and magmatism.
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